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® Compressor refrigeration control system. 

® An apparatus and method for controlling a multi-compressor, refrigeration system: The controller is designed 
to maintain a target temperature in a specified area. This is achieved by selecting configurations of compressors 
(Cl-Cn) which will maintain a target pressure on the common compressor suction line directing refrigerant into 
the compressors. As part of the process, the controller first establishes a record of the load handling capabilities 
of all useable configurations of the compressors. Then, periodically, it detects the cunent temperature and line 
pressure; selects a preferred configuration of compressors in accordance with a predetenmined algorithmic 
function of the target pressure, the current line pressure, and the record of the load handling capabilities; and 
activates the preferred configuration if different fi'om the currently active configuration. . 
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COMPRESSOR REFRIGERATION CONTROL SYSTEM 

The present invention relates generally to commercial refrigeration control systems, and particularly to 
control systems for refrigeration systems using several compressors. 

The prior art includes relatively few multiple compressor refrigeration systems. These systems gen- 
erally wori< as follows. The control systems selects and turns on a set of compressors in response to a 
smgle physical measurement the pressure in the compressor's suction line. The control system is supplied 
by the user with a target pressure value which con-esponds to a target temperature in the refrigerator case 
The control system then turns on extra compressors whenever the line pressure exceeds the target by a 
specified margin and turns off one or more compressors whenever the line pressure falls below the taroet 
pressure by a specified margin. 

These prior art multiple compressor systems typically suffer most or all of the following deficiencies. 
First tew pnor art systems known to the inventors are responsive to the actual temperature in the case 
Practically all pnor art systems assume that the target line pressure conresponds to a target temperature in 
the refrigerator cases regardless of the environmental conditions. This assumption is not justified. In fact 
given a constant target line pressure the temperature in the refrigerator cases can vary more than enouah 
to affect tood quality. . 

Second, most prior art multi-compressor systems use compressors with only a small range of load 
handhng caoaWlities. This is not. ideal because the goal of any control system should be to use the 
mmwnum amount of compressor power needed to achieve the target temperature. 

^Ttara none of the prior art systems take into account the well known phenomenon that the capacity of 
comprvsson changes over time. The most obvious manifestation of such a change is when the compressor 
bTMtii oomn. whereupon its load handling capability drops to zero. Less dramatically, a compressor which 
n iMhinc tr*on or ts in need of some other common types of maintenance often manifest its condition by a 
Oroo tr* compressor's load handling capability. 

Foum. pnor art systems do not take into aroount the fact that ^ming compressors on and off rapidly 
cau»«* in*rr » e n ou 3 harm. . . j 

pr«r art systems do not take into account the stratifaction of the air in the refrigerator causes 

' ^ "'^T"^ ^' ^^^^ '® ''®'"9 disturbed by customers and stock clerics. 

B a irL4.*i^* an object of the present invention to provide an improved control system and method for 
oorwoftnj a nmitHcompressor refrigeration system. 

Aecorting v the invention, there is provided a method of controlling a refrigeration system for removing 
**** * ^ * P'^ tected area, the refrigeration system including a plurality of compressors having a 
«mmor, comorossor suction line directing refrigerant into the compressors, and means for detecting the 
prosAw »w compressor suction line, including the steps of: 
t«i*ct>ng a targat oressure for said compressor suction line: 
o»t»cting tr«* o^T«nt line pressure, characterised by 

•««t*«n«9 arK2 periodically updating a record of the load handling capabilities of a multiplicity of 
configursaorts o» saic compressors: and 

P^^iod<»«y Miacting a preferred configuration of compressors in accordance with a predetennined 
•IgortttwT^: iufKtwo of the target pressure, the cun-ent line pressure, and said reo^d of tiie load handling 
capabUrtiOT and activating said prefen-ed configuration of compressors if different from ttie currentiv active 
configuration . j ..u » 

theretjy responding oynamically to changes in the operating environment of said refrigeration system 

In summary, the invention is an apparatus and method for controlling a multi-compressor refrigeration 
system. The controller is designed to maintain a target temperature In a specified area. It achieves this goal 
by selecting compressor configurations which will maintain a target pressure on tiie common compressor 
suction line directing refrigerant into the compressors. As part of the process, ttie conti-oller first establishes 
a record of the load handling capabilities of all useable configurations of tine compressors Then 
penodically. it detects the cun-ent temperature and line pressure: selects a preferred configuration of 
compressors in accordance with a predetermined algorittimic function of tiie target pressure, the current Hne 
pressure, and ttie record of the load handling capabilities: and activates the preferred configuration If 
different from ttie cun-entiy active configuration. At at least one pre-selected time during ttie operation of an 
active compressor configuration the controller can update the record of load handling capabilities. This is 
done, in accordance witii a predetermined algorithm, when thp expected rate of change of ttie line pressure 
(determined by ttie record of load handling capabiHties) does not match ttie actual rate of change while ttie 
active compressor configuration has been in use. 
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The controller can also periodically float the target pressure by increasing the target pressure if the 
measured temperature is tower than the target temperature, and decreasing the target pressure if the 
measured temperature is higher than the target temperahjre. Additional features of the invention include the 
use of nighttime target temperature, which is greater than the normal target temperature, and the provision 
5 for special actions to be taken when the system is in defrost. 

A feature of the described embodiment is the provision of a multi-compressor refrigeration control 
system which is responsive to the actual temperature in the refrigerator case and works to maintain a 
specified target temperature. 

Another feature of the described embodiment is the provision of a multi-compressor refrigeration control 
70 system which uses unequal compressors and which attempts to minimize the energy used by the 
refrigeration system. 

Another feature of the described embodiment is the provision of a multi-compressor refrigeration control 
system which is responsive to changes in the system's operating environment. Including any changes in the 
capacity of the compressors in the system-. 
75 Yet another feature of the described embodiment is the provision of a multi-compressor refrigeration 
control system which prevents each compressor from being turned on and off more frequently than the 
compressor can handle. 

Still another feature of the described embodiment is the provision of a multi-corn pressor refrigeration 
control system which allows the use of a higher target temperature for the refrigerator case at night than 
20 during the day. 

An embodiment of the invention will now be described, by way of example, with reference to the 
accompanying drawings which: 

Figure 1 depicts a block diagram of a multi-compressor refrigeration control system in accordance 
with the invention 

25 Figure 2 depicts the set of line pressure parameters used in the preferred emlDodiment. 

Rgure 3 depicts the Learn Table and Minimum Switch Table used in the prefen-ed embodiment 
Rgure 4 is a general flow chart of the method of the invention. 

Rgure 5 depicts a block diagram of the major logical control elements of a multi-compressor 
refrigeration control system in accordance with the invention. 
30 Rgure 6 is a flow chart of the INITIAL LEARN routine. 

Rgure 7 is a flow chart of the main control routine used in the prefen-ed embodiment 
Rgure 8 is a flow chart of the DOFLOAT routine. 
Rgure 9 is a flow chart of the CHECK LEGAL routine. 
Rgure 10 is a flow chart of the RGURE LOAD routine. 
35 Rgure 11 is a flow Chart Of the LEARN UPDATE routine. 

Rgure 12 is a flow chart of the TIME-TO-PRESSURE routine. 
Rgures 13a and 13b are a flow chart of the RND NEW CONFIGURATION routine. 
Refening to Rgure 1, there is shown a refrigeration system including a control system 11 and several 
refrigeration groups 12, 13 and 14. Each refrigeration group 12 includes a set of refrigerator cases- 21 for 
40 storing goods such as food, and a single common compressor suction line 22 for supplying refrigerant to a 
multiplicity of compressors C1 to Cn. 

The refrigeration group 12 also includes all the standard elements of a standard commercial refrigera- 
tion system including a condenser 23. receiver 24. and evaporator 25. A defrost timer 28 periodically 
initiates the running of a defrost cycle. Systems using hot gas defrost will have a hot gas valve 26 for 
45 routing the hot refrigerant exiting the compressors back through the evaporator 25 in the opposite direction 
frorn the nomial flow of refrigerant The prefen-ed embodiment has special logic for handling system control . 
during hot gas defrost, but the provision of hot gas defrost is not required by the Invention. 

The refrigeration group 12 may also optionally have bypass apparatus 27 for forcing certain selected 
compressors on and oven-iding the operation of the controller 11. Bypass apparatus 27 is generally 
60 provided so that the refrigeration system 12 can be operated mechianically in the event that the corrtrol 
system 11 breaks down. The preferred embodiment also has a software bypass for forcing any selected set 
of compressors either on or off. This software bypass can be used for testing the operation of refrigeration 
system 12 and for turning off one or more selected compressors for maintenance work. 

For the purpose of monitoring the operation of each refrigeration group 12 there is a line pressure 
55 gauge 31 for measuring the pressure on the compressor suction line 22 and at least one temperature 
sensor 32 for measuring the temperature in the refrigerator cases 21. The pressure parameter, PSI, is 
measured in pounds per square inch (psi) gauge (i.e., relative to atmospheric pressure). The temperature 
parameter, TEMP, is measured in degrees Celsius, but all temperature parameters which are specified by 
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the user are specified in Fahrenheit units and the computer 15 converts these parameters into Celsius units 
for internal use. Other signals from the refrigerator group, all of which are optional, are DEFROST for 
indicating wrtien the group is in defrost, and BYPASS for indicating If any of the compressors is bano 
tumed on by a bypass circuit - . . 

The operation of the compressors in each refrigeration group 12 is confrolled by a set of bn/off signals 
ccl to ccn con^sponding to the compressors Cl to Cn in the refrigeration group 12. 

The control system 11 is basically a computer 15 with input and output connections 33 and 34 to the 
refrigeration groups 12 to 14. special control software 35. and a modem 36. As in any such computer 
control system, the essence of the control strategy is embodied in the software 35. This control program 35 
includes various data structures which are described below. 

The computer 15 uses standard microcomputer architecture for sending and receiving data to and from 
the interfaces 33 and..34. The modem 36 is used for rec^ng control parameters, as described below, and 
for sending warning messages and other infonnation to a remote computer system (not shown). 

In the prefen^d embodiment, up to eight refrigeration groups can be controlled by a single confroller 
11. but except where indicated below, the cortrol system 11 will be described for the control of a single 
refrigeration group. As shown in Figure 7. the control program 35 serially operates on each refrigeration 
group until is has processed all the groups. 

For the purposes of this description the following tenms are defined as follows. A "group" is a 
refrigeration group. . . 

The terms "pressure" and "line pressure" refer to the line pressure in the compression suction line 22 
The "load" on a group is the rate at which heat is being absorbed by the refrigerator cases and is 
measured in terms of the psi per minute at which the line pressure increases when no compressors are 
tumed on. The "load handling capability" of a compressor is the amount of the load on the group which the 
compressor can counteract and is generally measured in terms of the number of psi per minute which the 
compressor can lovyer .the line pressure in the absence of any load on the group. 

A compressor "configuration" is a specification for all the compressors in a group indicating which are 
to be turned on and which are to be tumed off. The tenri "configuration" is also sometimes used to refer to 
just the compressors which are on or which would be tumed on if that configuration is selected by the 
confroller 1 1 . ' 

Refen-ing to Rgure 2 there is shown a chart of the pressure parameters used in the confrol program 35 
These parameters are related to the physical pressure measurement PSI. The Target Pressure is initially 
set by the user of the system but can "float" under the confrol of the confrol program 35. For any given 
Target Pressure the user defines a set of progressively wider "guard bands". See the "defta" parameters in 
Table 1. The Cut-in and Cut-out parameters specify the highest and lowest line pressure which is desirable 
As long as the line pressure is in this range the controller ri need not change compressor configurations 
These temfis are denved from the need to "cut-in" additional compressor power if the' line pressure rises 
too high and the need to "cut-out" some of the compressor power if the line pressure falls too low. 

The HiRoat-Umit and LoRoat-Umit specify the bluest and lowest line pressures which are tolerable 
VVhen the pressure is less than the Cut-out limit or greater than the Cut-in limit the confroller 11 will fry to 
select a compressor configuration that will return the line pressure to the desirable range. If PSI exceeds 
HiRoat-Umit or falls below LoRoat-Umit the controller 11 takes steps to force the selection of a compressor 
configuration which will return the line pressure to the desirable range. 

Rnally. the Hi and Lo limits are "alamj" Hmits. In the prefen-ed embodiment, several sets of Hi and Lo 
alami limits, each with a corresponding Delay time, can be specified. If the Hi or Lo limit of any alarm set is 
continuously violated for more than the corresponding Delay time tiien a warning message is sent by tiie 
computer 15 via the modem 36 to the user of the system. In practice tills will rarely happen unless ttie 
compressors CI to Cn in tiie system are incapable of handling the load on tiie refrigeration group 12. 

Refemng to Rgure 3, tiiere is shown an example of a Learn Table: 37 and a f>/|inimum Switeh Table 39 
for tiie compressors in a group. In this example the group has five compressors labeled 1 to 5. 

The primary use of tiie Learn Table 37 is to provide a knowledge base for tiie selection of tiie best 
compressor configuration for use in tiie cunent operating environment. The "best" configuration is generally 
ttiat . configuration which will best maintain tiie target temperature TARGETTEMPwitti ttie least use of energy. 
Furthemnore. tiie pretended configuration must satisfy certain otiier conditions which are described in more 
detail below. • , 

in tiie prefen-ed. embodiment for every posabie compressor configuration ttiere is a table entiy in tiie 
Learn Table 37. . ' 
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The Learn Table 37 is an essential elenr>ent in the prefenred embodiment of the invention. It is used to 
respond to changes in the "operating environment" of the refrigeration group. The primary changes in the 
operating environment which are significant are changes In the load on the group and changes In the load 
handling capability of the compressors in the group. 

5 The controller 11 is designed to accomodate changes in the load handling rapablllties of • the 
compressors regardless of their causes. Such changes in load handling capability are not attributable only 
to changes in the mechanical integrity of the compressors. It is an easily proven fact that the load handling 
capability of each available compressor configuration varies as a function of the cun^ent line pressure. Since 
the line pressure is almost always in a state of flux, because the cuaent compressor configuration is rarely 

70 perfectly matched to the load and for other reasons explained below, the load handling capabilities of the 
compressors are also constantiy changing. 

Generaly, each time a new compressor configuration is selected and activated the Learn Table entry for 
the cunrent configuration is updated to reflect the most recent measurements on the performance of the 
refrigeration group. This update procedure is not perfomied under certain specified conditions, as explained 

76 below with reference to Rgure 11. 

In the Learn Table of Rgure 3, the exemplary load values are hneasured in units of psi/hr. The AllSOff . 
entry represents an estimate of the rate of change in tiie line pressure that would occur if no compressors 
were turned on. All tiie other entries represent an estimate of ttie load which tiie corresponding configura- 
tion can handle, which is equivalent to the rate at which the configuration could pump down the line 

20 pressure if there were no load on the group. In the table shown in Rgure 3 and in tiie actual preferred 
embodiment all load values are measured in units of 0.5 psi/hr. and thus a value of "80" In the table 
represents a load handling capability of 40 psi/hr. 

Furtiiermore It is prefen'ed, but not essential to the invention, tiiat the compressors be arranged in ah 
order which facilitates the selection of the most energy efficient compressor configuration. Usually, if tWo 

25 compressor configurations have tiie same load handling capability, tiien tiie configuration using tiie least 
number of compressors will be tiie most energy efficient. In tiie mettiod of the invention, the useaibi© 
configurations are checked in tiie order tiiat they are listed in the Learn Table. The configurations tower 
down in the table are selected only if they are "better" than the ones higher up in the table. Theri9fore the 
Learn Table 37 is organized with the compressor configurations using the largest and ' most efficient 

30 compressors at the top of the table, so tiiat these will be selected if they are equal in load handling capacity 
with any other compressor configuration. 

In the example shown in Rgure 3. no two configurations are equal in load handling capability. But in 
many systems the compressors are not binary weighted. Also tiie combined load handling capability of the 
configurations is usually less than tiie sum of tiie Individual compressors in tiie configurations. These two 

35 factors contribute to tiiere being a reasonable chance of two configurations having the same Learn Table- 
entry value. 

The mimlnum Switch Table 39 of Rgure 3 contains a value for each individual compressor Which 
represents the maximum rate at which that compressor should be tumed on and off. The table values are 
supplied by ttie user of tiie system and are measured in units of minutes. For instance, a table entiy of "7" 
40 means that if the corresponding compressor was turned on or off at time X then its on/off status cannot be^ 
changed by the controller 11 again until time X + 7 minutes. 

The physical/experiential basis for the Minimum Switch Table Is that rapid switching of tiie ori/off statijs 
of compressors is ©xti-emely detrimental to their mechanical integrity. The maximum rate at which any 
particular compressor can be tumed on and off varies considerably from model to model, but tends to fall in 
45 the range of 3 to 10 minutes. 

One aspect of tiie invention is tiiat the conti-oller 11 prevents the selection and activation of any new 
compressor configuration which would force any compreissor to switch on/off states twice In less than its 
corresponding minimum switch time, as specified in the Minimum Switch Table. 

Another aspect of tiie Leaim Table 37 and tiie Minimum Switch Table 39 as used in the prefen'ed 
50 embodiment relates to tiie use of compressors with unloaders. Rrst. as is known by anyone familiar witii the 
use of such compressors, tiie unloader(s) for a compressor are not operative unless the compressor is on. 
Second, there is generally no need to restiict the rate at which unloaders are tumed off and on. Third, even 
when fully unloaded such compressors still have one or more active cylinders. 

These attributes of compressors with one or more unloaders are accounted for as follows. Rrst, the 
55 unloaders for a compressor are always listed In ttie Learn Table and tiie Minimum Switch Tabfe directly 
below tiie entry for tiie compressor (I.e.. the entry for ttie compressor when it is fully unloaded). Thus each 
unloader is ti-eated as separate compressor. Second, the Minimum Switch Time of tiie unloaders Is set to 
zero as a method of indicating which "compressors" are really unloaders. Thus each Item In ttie Minimum 
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Switch Table with a zero entry is an unloader for the compressor with the closest entry above it which is not 
equal to zero. Third, configurations which include an unloader but not its compressor are "illegal" and 
rannrt be^used. Therefore the Learn Table entry for such configurations is set to a special value, such as 
-1. which indicates that these are not useable configurations. Furthennore. when a configuration with an 
unloader is selected it means that the unloader is not .engaged and thus the corresponding cylinder of the 
compressor is acbve. 

Naturally, in other embodiments, the use of unloaders could be accommodated in other ways For 
rSf'^; ""loaders could be noted in a data structure separate from the Minimum Switch 

Tabl^ Also, the i^am Table.could be constructed without any entries for configurations which are unusable 
The l^am Table 37 can be initially established in one of at least two ways. Hrst. the user of the system 
could supply an initial estimate of the load handling capability of each compressor and then the control 
pr(^ram 35 could just fill in the rest of the table by using the sum of the individual compressor capabilities 
as the entry for each, of the multi-compressor configurations. 

« thn iM^A?', ?l?oM *® P^*^^ embodiment the Learn Table 37 is initially, established through tiie use of 

75 me INITIAL LEARN routine shown in Hgure 6. which is discussed below. 

Referring to Figure 4. the is shown a flow chart of tiie main steps of the method.- Rrst (box 41) tiie user 
f L^^f^®"" *^ parameters which are needed by the controller 11. including the values 

for the Minimum Swrtch Table 39. a Targetps, . a TargetTHMP. and a set of pressure parameters 

^ corresponding to ttie chart shown in Figure 2. A more complete listing of tiie parameters to be spedfied by 

^'^IT- '^^^^ a ft'HCtion of the TargetTHMP and 

«JLi!^.!!h^ Sf'"^ ifH" the refrigeration cycle, and can be looked up on a chart Such chlrts are 
rmS^-^fl *o "^ge^bon industry. While tiie user is asked to provide the Targetps, in tiie preferred 
enjodiment. in ottier embodiments the controller 11 could derive tiiis value gh/en the TargetiEMP and tiie 
refngerant being used. ^ . ibiwk 

2S The second step of ttie metiiod of tiie invention, ^ox 42) is to establish a set of initial values for tiie 
Learn Table by means of tiie INITIAL LEARN process, which is described below with reference to Rgure 6 
««.h^=* r®'"»"'"9 steps of the metiiod of the invemion ar repeated periodically (e.g.. once each minute) for 
each refngeration system being controlled. . 

. At the beginning of each periodic cycle tiie temperature and pressure are measured (box 43). Then the 
Targ^ps. .s modified (box 44) by a DOFLOAT routine, which is described below wHh referenceto Figure 8 

^nrJUilJUT^-^'^ J"'""!®^ °^ *® ^®'®°«"9 ^ Pr®*«^^®d configuration (box 45) in 

accordance vyjtti a special predefined algoritiimic function of ttie Target PSI..current line pressure (RSI), and 
2 Learn Table 37. The preferred embodiment uses a function which selecSs as tiie pre^^ed 
configuration ttiat configuration which will take ttie longest to pump tiie line pressure up or down to the 
IS^mS^J! configuration selection scheme is preferred because it selects configurations which will 
dosely matdi tiie load on ttie system and. If ttie load on tiie system does not change radically will 
minimize the frequency witti which new configurations must be activated 

nroJlc^® configuration, is tiie same as tiie current preferred configuration (box 46) then ttie 

fifl?^ ^i""- "'5«»"a"eous tasks (box 49). Ottiemise ttie Learn Table is updated (box 
47) and ttie selected configuration is activated (box 48). The miscellaneous tasks (box 49) indude tiie 
*®h!1"E ? messages, if necessary, and fordng the Learn Table to be updated If it hasn't been 

I • ^® P™'^^'^ suspended (box 50) until it Is .time to restart ttie 

main control loop at. box 43. 

«,.t2f^T"^ *° Figure. 5. tiie major logical contrd elements of a multi-compressor refrigeration contrd 
system 11 ao«»rdance wrth ttie Invention are as follows. The control system 1 1 is generalfy responsive to 
ttie cun-ent TEMP and PSi values, tiie Targetps.. and ttie. values in ttie Learn Table 37 

A configuration selector 51 periodically selects a preferred confimiation of compressors for the 
refrigeration ^stem 12 and activates ttie prefen^d configuration if it is different tiian tiie current configura- 
^^^'^J^^J^'^SiiraSon selector 51 Is supported by a status evaluator 52 which dassifies ttie current ^s 
of the refngermion system 12 into various catagories whidi call for different control strategies. A Target ps, 
SS^S hi"? •'''^ ""^f value. When appropriate.. This- helps select ttie mo« energy elficiSlt 
con^r^on.whch is capable of maintaining ttie TargettHMPin ttie refrigeration system 12. A Leam Table 
updater (box 54) is used whenever, a new configuration is selected, and a timer 55 is used to initiate ttie 
running of confrd process periodically. As can be seen, ttiese logical control elements correspond to flie 
major logical functions and data stmctures of ttie conti-d program 35 which were described above 
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Referring to Rgure 6. the method of the INITIAL LEARN process is as follows. Rrst the line pressure is 
pumped down to the target pressure by tuming on all the compressors until PSI . equals Target psj (box 60). 
Then the load on the system is measured by tunning all the compressors off for two minutes and measuring 
the rate of change of the line pressure (box 61). Then the load handling capability of each individual 
5 compressor is measured by pumping the line pressure down to the Targetpsi (box 62) and then . measuring 
the rate of change in the line pressure while just the individual compressor is turned on {box 83). The 
difference between the load and the measured, rate is the load handling capability of the Individual 
compressor. The load handling capability of the unloaders is determined by measuring the load handling 
capability of each unloader's compressor with the unloader disengaged (i.e., with the con-esponding. cylinder 

10 active), and then subtracting the load handling capability of the compressor when fully loaded (box 64). The 
remainder of the Learn Table is filled in (see box 65) by using the sum of the individual, compressor 
capabilities for the compressors in each multi-compressor configuration as the entry for each of the 
configurations. "Ulegal" entries for configurations with unloaders but not the conwponding compressor are 
set to a special marker value. 

75 Referring to Figure 7, there is shown the main control routine of the preferred embodiment. This is the 
portion of the control program 35 which is used after the Leam Table has been established and ail the initial 
operating parameters have been specified. 

In the preferred embodiment, the primary Initial operating parameters supplied by the user to the 
control program 35 are: the TargetiEMp; the Targetpsi; the pressure parameters shown in Figure 2; the 

20 Minimum Switch Table: one or more sets of high and low pressure alarm limits, as described above; the set 
compressors which must be on during defrost. If any; the set compressors which must be on during the first 
munute of hot gas defrost, if any: and a flag specifying whether the Targetpsi is allowed to float See Table 
1. Each of these parameters must be specified separately for each refrigerator group being controlled by 
the controller 11 and the control program 35, 

25 Once each minute, the control program 35 performs a set of steps for each refrigeration group attached 
to the controller which evaluates the status of the group decides whether to activate a new compressor 
configuration. Boxes 70. 92 and 94 of Rgure 7 provide the logical fi-amework for controlling more than one 
refrigeration system with a single controller The groups are processed serially, one after the other, and up 
to eight groups can be managed by the preferred embodiment. Clearly, the number of refrigerator groups 

30 that can be controlled by one controller is merely a function of the speed of the computer 15 being used 
and the amount of memory available for tables and parameter values. 

For each group, the first step (box 71) of the periodic control process Is to measure the line pressure 
(PSI) and the temperature (TEMP). In one embodiment these values are measured numerous times each 
minute by an interrupt routine (not shown) and the average value for the \kst minute is used by the control 

35 program 35. Furthemriore. more than one temperature sensor may be used, for Instance if the group is 
being used to cool several refrigerator cases and a separate temperature sensor is placed in each case, 
and these values may also be averaged. This averaging technique helps smooth out any sudden transitions 
in these values and also helps mitigate the effect of any eaoneous data received due to noise in the sensor 
lines and equipment. 

40 If the group is programmed by the user to let the Targetpsifloat (box 72) then the DOFLOAT routine is 
run (box 73). The DOFLOAT routine, which is described in detail below in the discussion of Figure 8, • 
adjusts the Targetpsivalue in certain circumstances. ' 

If the control program finds that the group is in hot gas defrost (box 74). and that this is the first minute 
of defrost (box 75). then a specified set of compressors Is activated (box 76) and the rest of the control 
46 routine is skipped. Since it Is possible that defrost was turned on by the defrost timer 28 (see Figure 1) just 
seconds before the first defrost control routine cycle, during the second minute of defrost (box 77) the rest 
of the control routine is also skipped. This Insures that the specified configuration for the first minute of hot 
gas defrost is in fact made active for at least one minute. 

The best control strategy for the group depends on where the current PSI falls in the chart shown in 
50 Rgure 2. Boxes 78 to 90 evaluate the cun-ent status of the group in relation to the chart In Rgure 2. 

For the most part, the control strategy is selected by selecting the proper entry point into the RND 
NEW CONFIGURATION routine, which is described below with reference to Rgures 13a and 13b. 
Note that in the drawing, Targetpsi is sometimes denoted simply as "Target", . 
Since jt is not energy, efficient for the group to run with the PSI below the Targetpsi . the program 
55 provides means (boxes 78 and 79) for enabling the floating of the Targetpsiwhen the PSI falls 2 or more psi 
below target. When this happens, a "Roat-if-Equal" flag is set which allows the Targetpsi to float during the 
next control cycle even if the measured TEMP is equal to the TargetjEMP (box 79). 
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If ttie measured PSI is above the HiUmit (box 80) or below the LoUmIt (box 82), the controller 11 must 
take special acHon to try to bring the line pressure back into the acceptable range - which is between Cut-in 
and Cut-out - by using the Out-of-Bounds Hi (or Lo) entry pointe to the FIND NEW CONFIGURATION 
routine. 

If the measured PSI is not "out of bounds" but is below Gut-out (box 84) or above Cut-in (86) then the 
line pressure is outside the acceptable range and the Process-Low (box 85) or Process-High (box 87) entrv 
points to the RND NEW CONRGURATION routine are used. respecBvely. » x . / y 

^ If the measured PSI is within the Cut-in to Cut-out range, the the Process-High-OK entry point to the 
RND NEW CONRGURATION routine is used if PSI is equal to or greater than the Targetpa (box 89) and 
otherwise the Process-Low-OK entry point is used (box 80). 

^ After the RND NEW CONRGURATION routine has been run, certain miscellaneous tasks are per- 
formed (box 81). These include running the LEARN UPDATE routine if it hasn't been run during the last 
hour. Also, warning messages can be sent to the user of the system if necessary. 

Another important miscellaneous task involves the treatment of defrost In the preferred embodiment 
the Targetps, is temporarily incremented by delta-Cut-In during defrost. The delta-Cut-in parameter (see 
Table 1) is the temperature difference between the target pressure and the Cut-in pressure level and is 
typically equal to 2 to 5 psi. This temporary increase in the target pressure is generated by increasing the 
Targetpsi dunng the first minute of defrost and by decreasing the Targetpa during the cycle after the end of 
defrost. The purpose of this temporary increase in the target pressure is to force the system to select a 
smaller compressor configuration than normal, which helps the system keep the compressor suction line 
pressure stable. This procedure has been found to solve many of the problems caused by defrost in prior 
art systems; 

After all the groups have been processed, the controller 11 idles (box 93) until a full minute has passed 
since the control routine last ran. and then the process resumes at box 70. 

Refening to Rgure 8. the DOFLOAT routine modifies the Targetps, as follows. Rrst. the Target pa is 
modified if the group Is in defrost (box 100) only if the user has specified that floating is to be performed 
during defrost (box 101). Normally floating will be disabled during defrost because otherwise the Target ps. 
tends to be lowered unnecessarily. However, floating during the defrost will generally be enabled if the 
controller is being used to control a single compressor. - 

The DOFLOAT routine modifies the Targetpsi only once every delta-TF minutes (box 102). The floating 
of the target pressure is intended to be a fairiy slow process. Its purpose is to facifitate maintaining the 
target temperature, which is the primary mandate of the controller 11. Energy efficiency is the secondary 
mandate. In nomnal drcumstances. frequently floating the target pressure would contribute to system 
instability. Therefore typical values of delta-TF range from 5 to 15 minutes (the allowed range of delta-TF 
values which the user can select from in the prefened embodiment is 0 to 299 minutes). 

The DOFLOAT routine determines whether to float and the direction to float the target prassiire 
depending on a comparison of the cun^nt temperature (TEMP) with a target temperature. For purposes of 
the DOFLOAT routine, the target temperature used (Targetc) is normally just the TargetTEMPspecified by the 
user (box 105). but at "night" (box 103), during a nighttime period defined by the user, the target 
temperature is increased (box 104) by delta-NT. 

The use of a higher nighttime target temperature is premised partially on the observation that during the 
night when the air in the refrigerator cases moves very little and becomes stratified, the temperature of the 
air next to the goods in the case is colder than the air around the temperature sensor 32. Also, sometimes 
the daytime target temperature is made artificially tow to help counteract the flow of heat into the 
refrigerator cases caused by the frequent opening of the cases by customers and stock clerks. For these 
arid other reasons it is often desirable to have different target temperatures during different portions of the 
day. 

When the user specifies an initial Targetpsi. minimum and maximum target pressure float values PSUi„ 
and PSI max are also specified. Thes represent the most extreme line pressure values which the user 
considers to be reasonable and safe to use. 

^ Given a target temperature Targetc. the Target ps, is decreased by one psi (box 108) if the measured 
TEMP IS above the target temperature (box 108) and the Targetps, is not already at the minimum allowed 
target pressure PSI„a,. The Target psi is increased by one psi (box 111) if the measured TEMP is below the 
terget temperature (box 109) and the Targetpsi is not already at the maximum allowed target pressure 

PSIn 
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Furthermore, If the Float-lf-Equal flag was sat during the previous cycle (see box 79 of Rgure 7) (box- 
112) and the measured temperature Is equal to the target temperature (box 1t)9) then the Targetpsi Is 
increased by one psi (box 111) rf the Targetpsi Is not already at the maximum allowed target pressure 
PSI«« (box 110). The Roat-if-Equai feature of the control program is designed to save energy by 
5 increasing the target pressure, which requires less compressor power to maintain, If the measured 
temperature is on target but the measured line pressure is substantially below target. As will be seen from 
the description below, increasing the target pressure can cause the system to select a more energy efficient 
compressor configuration. 

Figures 9. 10. 11 and 12 contain the flow charts for four utility routines used by the FIND NEW 
w C0NR6URATI0N routine of Figures 13a and 13b. 

Referring to Rgure 9. the CHECK LEGAL (ConfigX) routine determines if a specified compressor 
coftfigurarioo is available for use. If ConfigX is available for use, then the routine returns a value of GOOD 
(tx)x 126): otherwise the routine retums a value of BAD (box 121). 

Box 120 checks :o see if ConfigX would turn off any compressor which is programmed to be always on. 
75 While not discussed above, in the preferred embodiment, in addition to a software bypass for forcing certain 
compresson or^ o- o*f. the user can specify that certain compressors are to be always on. For instance. In a 
system m wmcrs the largest compressors are of approximately equal load handling capability, but one is 
much more «fftt>«^ than the ottier. the efficient one may be programnied to be always on if the load on the 
system is exp^^r^r! tc a^w^ys equal or exceed the load handling capability of that compressor. 
20 K the QTDuc It ^ nmtryst (t»x 122) the routine checks (box 123) to see If ConfigX would turn off a 
compressor w*«ch »9 nrngrammed to be always on during defrost 

In box 124 th* roMm cor»«uit$ the Mimimum Switch Table to see if selecting ConfigX would cause Wty 
compressor to cr^^ngm crvc^ nates faster than the maximum rate specified in the table. 

Finally . »^ Lmmrr z^tm is consulted in box 125 to see If ConfigX would cause an uhloader to be used 

25 without Its COmOTM^csr 

Refemng tc ^'^xe to the RGURE LOAD routine computes two values: NewLoad. which Is ah estimate 
of the current icec or ih© grouo. and NewComp, which is an estimate of the cun-ent load handling capability 
of the conhguraticr •hich t^ currently active. As explained above in reference to Rgure 3, the current best 
estimate of the Kama on the group ts stored in the Learn Table in the AllSOff entry. 

30 As discusaec aocM. the cun^nt rate of change in the line pressure (denoted delta-P/delta-T in Figure 
10) is eaua to the tsrerence between the load on the group and the load handling capability of the 
currently active ccr^9%sof configuration. Note that "delta- P" is the change in line pressure during a period 
of tme 'detta-f. wnrcn is usually the period of time since the cuaently active compressor configuratioh 
was selected tnc ectrvated. H the load and the configuratfon's capability are perfectly nriatched the Mne 

35 pressure will ho*o steacy Otherwise the direction and rate of change of the line pressure Indiciates whether 
the cunrently act?v» cortfi^ation is too big or small and by how much. 

The term "rw o» change of the line pressure" is used herein to reifer the' vector quiantfty ' which 
specifies tx>th the owectoori and magnitude of the rate of change. The term "load" is synonymous with "the 
rate of char>9e ^ pressure when no compressors are on". 

40 Furthermore the exoected rate of change of the line pressure is equal to the difference between the 
Learn Table ermes AllSOff and for the currently active configuration 

If no comprwjors are on (Config = AllSOfO (box 130) then the RGURE LOAD routine just comj3utes 
and stores the a^en* oad m the NewLoad variable, and saves the previous estimate of ^e load in the 
NewComp vanaM fto« t3i) 

45 The differer^ Derween tr>e actual rate of change and the expected rate of change the line pressures is 
calculated by the FK»uP.£ LOAD routine and held in a variable called Dif: 
Dif * cun-ent vai«>e tOeiia-P/delta-T) - (LeamTable(AII$OfO - LeamTable(Config)). 

This difference « effectively an error. An aspect of the invention is what a portion of this en-or is 
allocated, in accorcanc© with a predetermined algorithm, to the record in the Learn Table of the load 

50 handling capab liry of the currently active configuration. 

If any comoressors are on. this difference Dif is allocated between the load and the current compressor 
configuration in accortaance with these fomnulas: 
NewLoad = Lea-nRaiKD ' Dif * Leam_Table(All$Off) 
NewComp = (1 • LeamRaDo)*Dif + Leam_Table(Config). . 

55 In effect. LeamRatio spec:fies what portion of the enror Is allocated to the estimate of the load and what 
portion is allocated tc the estimate of the load handling capability of the currently active configuratic»i. In the 
preferred embodiment. LeamRatio can be assigned a value between 0.80 and 0.95. Experience by the 
inventors indicates that LeamRatio values close to 0.95 work best. 
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. The idea behind this allocated of the difference between the actual and expected rate of change of the 
line pressure is that most of this difference will be due to changes in the load on the group. Changes in the 
load occur when someone opens a refrigerator case door and allows warm air to enter, when sunlight hits 
the refrigerator case, when the ambient temperature in the sunoundlng air changes, and so on. However, 
s some of this difference is often due to an eror in the estimate of the load handling capability of the 
compressor configuration. This may be because one or more of the compressors in the configuration has a 
mechanical problem, or. because the load handling capability is different at different line pressures, or for 
any one of a variety of other reasons, known or unknown. 

By allocating a »nall portion of this Dif value to the compressor configuration, the l^am Table entry for 
10 the configuration will be slowly adjusted to reflect reality. If the Learn Table entry is already accurate, and 
the Dif value is really due only to a change in the load on the group, the minor adjustments In the Learn 
Table entry will balance out over time and the Learn Table entries will remain virtually constant By 
choosing a LeamRatio value close to 1.0. the Leam Table is adjusted sufficiently slowly that no single 
update of the table causes a significant change in the behavior of the system. Only accumulated 
75 adjustments to entries in the Leam Table are significant 

The computed "actual" rate of change of the line pressures, in the preferred embodiment is actually 
averaged over the period since the present configuration was first activated; That is. delta-P is the 
difference between the cun-ent line pressure and its value when the current configursrtion was first activated; 
and delta-T is the length of time since the cun-ent line configuration was activated. 
20 If a configuration is active for over an hour, one of the miscellaneous tasks (see box 91 of Rgure 71 of 
the controller calls the LEARN UPDATE routine and then resets the initial pressure value for purposes of 
the FIGURE LOAD routine to the then cun«nt line pressure. 

Futhermore. in one prefen-ed embodiment, the initial line pressure used in the RGURE LOAD routine to 
compute the delta-P value is actually the pressure value measured 15 to 45 seconds after the current 
configuration was first activated. The purpose of this delay Is to obtain a more accurate representation of 
the average rate of change in the line pressure. Often, in medium and high temperature refrigeration 
systems, the line pressure drops or rises sharply when a new compressor configuration is activated This 
sudden change in line pressures is basically unrelated to the rate of change of the line pressures thereafter 
The inventors have found that it is best to factor out this sudden pressure change from the calculation of the 
current rate of line pressure. The delay period Is specified by the user and is selected to encompass this 
period of sudden change. . 

Refening. to Figure 11. the LEARN UPDATE routine updates the Leam Table if the system has not had 
any bypasses on during the delta-T period (box 134) and has not been in defrost during the delta^T period 
03OX 135). This routine calls the RGURE LOAD routine and then puts the new estimate of the load into the 
AllSOff entry of the Leam Table (box 136). Then. If any compressors were on (box 137) the new estimate of 
the configuration's load handling capability is put in the Leam Table entry for the configuration (box 138). 

Only the Leam Table entry for the cun-ent configuration is updated by the LEARN UPDATE routine in 
the preferred embodiment In an alternate embodimerit the (1.0 rLeamRatlo)*Dlf value Is allocated; pro rata, 
to all the compressors in the configuration, and then all the entries in the Leam Table for configurations 
using those compressors are updated accordingly. Such an update routine helps quickly detect mechanical 
problems which decrease the load handling capability of any compressor. 

In the preferred emtxidiment the presence of a compressor with mechanical difficulties can be 
detected either by comparing "nonnal" and current Leam Table values; or by detecting if certain 
configurations are rarely or never selected. As will be seen from the discussion of the FIND NEW 
COMPRESSOR routine, if a compressor configuration includes a very weak compressor it will be chosen 
less and less often. 

Refening to Rgure 12. the TIME TO PRESSURE (PSI,a,get. ConfigX) routine computes how long, given 
the cument load on the system. It would take ConfigX to bring the line pressure to a value of PSI If 
ConfigX could never bring the line pressure to PSI tergei then an error.value is returned. This routine is used 
by the RND NEW CONRQURATION routine to test all the usable configurations. 

The TIME TO PRESSURE routine first computes the predicted rate of change of line pressures If 
ConfigX IS not the current configuration (boxes 140 to 142) and the actual rate of change If ConfigX is the 
current configuration (boxes 143 and 144). 

If ConfigX is the AllSOff configuration (box 141). then the expected rate of (diange (NewRate) is the 
estimated .load (NewrLoad) from the FIGURE LOAD routine. Otherwise the expected rate of change Is the 
estimated load (NewLoad) minus the Leam Table entry for ConfigX (box 142). 
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If NewRate is zero (box 145). then the line pressure is not changing. If the cunrent PSI equals the 
PSItargat. then it wiil take no time for the pressure to reach the target and the routine returns with a value of 
T 0 (box 152). Otherwise the routine returns with a value of T infinity (box 151), indicating thm the pressure 
will never reach the target with ConfigX. 
5 If NewRate is not zero but the use of ConfigX would cause the line pressure to move further away from 
the target than the current PSI (boxes 147 and 149) then the routine returns with a value of T -1 to indicate 
an error condition. Otherwise (box 150) the routine returns with a value of 

T - (PSItarget -PSI) / NewRatB. 

which is the expected length of time it will take ConfigX to bring the line pressure to the specified target 
70 pressure. 

Referring to Figures 13a and 13b, the FIND NEW CONFIGURATION routine has several entry points, as 
described above with reference to Figure 7. The goal of the routine Is to find a preferred compressor 
configuration. It uses the Learn Table as a knowledge base in order to determine which configuration will 
take the longest to reach the target pressure. The preferred configuration is either the configuration which 

15 will take the longest to reach the target pressure, or the cun'ent configuration if it will keep the line pressure 
within the range between Cut-out and Cut-in for an even longer period of time. 

The most complicated part of the FIND NEW CONFIGURATION concerns the routine used when the 
cunrent PSI is in the acceptable range between Cut-out and Cut-in. The first steps (boxes 160 and 161) test 
to see if. although the load and present configuration appear to be well matched, the controller 11 should 

20 search for a more efficient configuration. In particular, if the system appears to have plateaued (i.e., to have 
maintained a close match between its load and the selected configuration) the controller adopts a strategy 
which should force the controller to select a new configuration if. the system is working properly. The 
rationale behind this strategy is that plateauing is impossible in the real world - real worid conditons are 
virtually never sufficiently static for the refrigeration system to efficiently use a single configuration for 

25 hours. Furthermore, maintaining a configuration which keeps the compressor line pressure below target is 
energy inefficient. 

In the preferred embodiment, plateauing is sensed by testing to see if the line pressure has been below 
the target value for over 30 minutes and if the cun'ent rate of change of the line pressure Is less than 6 
psi/hour. If so, the controller jumps over the Out-of-Bounds Lo entry point which Is described below. This 

30 will ordinarily force the system to select a more energy efficient compressor configuration which will allow 
the compressor line pressure to slowly rise above the target pressure level. If this strategy fails and the 
system plateaus for a specified period of time (e.g.. 40 minutes), one of the miscellaneous tasks in the main 
routine (box 91 in Rgure 7) is to send out an alamri. Such an alarm condition could indicate, tor instance, 
that the system's sensor lines or compressor control lines are not properiy connected. 

35 More typically, when the system has not plateaued, the control routine calls RGURE LOAD and then 
the TIME TO PRESSURE routine for the current configuration (box 162), which yields a figure for how long 
the current configuration will take to reach the target. If the pressure is not heading toward the target, then it 
computes the time it will take to reach either Cut-In or Cut-out (boxes 164, 165 and 166). In either case, the 
computed time value is stored in the BestTime variable, and the BestConfig variable is set equal to the 

40 current configuration. The the routine continues at point B on figure 13b. 

At the Out-of-Bounds entry points the BestConfig variable is set to either AllSOff (box 168) or AllSOn 
(box 1 69) depending on which direction the cunrent line pressure is out of bounds. Also, BestTime is set to 
zero and FIGURE LOAD is called (box 170). By setting BestTime to zero, the routine is Indicating that any 
other configuration which will pull the line pressure towards the target will be prefened over the AllSOn or 

46 AllSOff configuration. 

Selecting the AllSOn or AIISCW configuration may violate the maximum on/off compressor switch rates 
specified in the Minimum Switch Table. In the preferred embodiment, this is the one exception to the use of 
the Minimum Switch Table criteria. It is justified by the extreme system condition of the line pressure being 
completely out of bounds. This condition vary rarely occurs, unless the available compressors are unable to 

so handle the load on the system or some of the initial parameters specified by the user (see Table 1 ) were 
enroneous. However, In another embodiment, instead of forcing a value of AllSOn or AllSOff. the largest or 
smallest "usable" configuration could be selected as the default configuration for use In boxes 168 and 169, 
thereby avoiding any possible conflict with the Minimum Switch Table. 

At the process-Low and Process-High entry points (box 171) the cunrent configuration is saved in the 

55 BestConfig variable, but is given the lowest possible weight by assigning it a BestTime value of zero. Also 
FIGURE LOAD Is called. 

Refenring to Rgure 13b. the FIND NEW CONFIGURATION routine proceeds by testing ail the useable 
configurations to find the one with the longest time-to-pressure value. 
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The configurations are tested in the order they appear in the Learn Table, starting with AllSOff (box 
175). Rrst the TestConfig is tested (box 176) to see if it is "legal" by calling the CHECK LEGAL roufine 
described above with reference to Rgure 9. If TestConfig is useable (GOOD), the next step is calculating 
the time it would take TestConfig to bring the line pressure to Targetpst by calling the.TIME TO PRESSURE 
routine (box 177). If the routine returns a non-enror value (box 178) that is longer than the BestTime found 
so lar (box 179). then TestConfig beconnes the new BestConfig and its time-to-pressure value is stored in 
BeslTime (box 180). 

After the cun-ent TestConfig has been processed, the routine checks to see If the TestConfig is the last 
available configuration to be tested (box 181). If not. the next configuration is the Learn Table is processed 
(tx)x 182). 

After, ail the configurations have been tested, the routine checks to see if BestConfig is the current 
configuraiion (box 183). If so. the routine just exits. Otherwise the Leam Table is updated by the LEARN 
UPDATE routine and the BestConfig configuration is activated (box 184). 

As noted atxjve. in some embodiments of the invention, when a new configuration is first activated, the 
Ime pressure is renneasured after a specified period of time and then this remeasured value and the time it 
was measured are used as the new starting point for calculating the actual rate of change of the line 
pressure. 

White the ^^'^ tn>fwiton has been described with reference to a few specific embodiments, the 
descnp^n cj ttumtive of the invention and is riot to be construed as limiting the invention. Various 
modificatioru may occtjr to tme skilled in the art without departing from the scope of the invention as 
defined &y me apoenaeodaims. 

In pa^ixaiif #ww>on is aoplicable to other multi-compressor temperature control systems which 
use multiple coTf^ormn on a tir^ refrigerant cycle. Thus the invention could be used in air conditioning 
systems anc rmm t***ip h^tor^ systems. In such contexts, the measured and target temperature would 
be temperatire o» tf*# loeoe which t% being cooled or heated. 
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PARAMETER 
AlarmSet 



TABLE 1: PARAMETERS SPECIFIED BY USER 
DESCRIPTION 



Always-On 

Def rost-Always-On 

delta-Cut-in 

delta-Cut-out 

delta-Ki 

d«lta*HiLimit 

j-LcLimit 



r ' - 



i* -z<irrost 



MINIMVM SWITCH 



PSI. 



mm 



PSI. 



max 



sets of high and low pressure limits 
and corresponding lengths of time which 
indicate an alarm condition 

compressors which must always be oh 

compressors which must be on during 
defrost 

difference between target and Cut-in., 
pressure 

difference between target and Cut-out 
pressure 

difference between the target preissure 
and Hi alarm pressure level 

difference between the target pressure 
and HiLimit pressure level 

difference between the target pressure. , 
and Lo alarm pressure level 

difference between target and. LoLiitiit 
pressure level 

nighttime increase in target temperature 
time between changes in target pressure. 

specifies if target pressure is iallowed 
to float during defrost- 

compressors which must be on during 
first minute of hot gas defrost 

portion of difference between expected ." 
and actual rate of change of line 
pressure which is allocated to the 
estimate of the load 

table: minimum time between changes in 
on/off states for each compressor 

defines nighttime period 

lowest pressure to which the target 
pressure can 'float 

highest pressure to vhich the target 
pressure can float 

initial target pressure 

target temperature 
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Claims 

1. A method of controlling a refrigeration system for removing heat from a preselected area, the 
refrigeration systems including a plurality of compressors having a common compressor suction line 
directing refrigerant into the compressors, and means for detecting the pressure in the compressor suction 
line, including the steps of: 

selecting a target pressure for said compressor suction line; 
detecting the current line pressure, characterised by 

establishing and periodically updating a record of the load handling capabilities of a multiplicity of 
configurations of said compressors; and 

periodically selecting a prefen-ed configuration of compressors In accordance with a predetermined 
algorithmic function of the target pressure, the current line pressure, and said record of the load handling 
capabilities; and activating said preferred configuration of compressors if different from the currently active 
configuration; 

tiiereby responding dynamically to changes in the operating environment of said refrigeration system. 

2. A method as claimed In claim 1, further characterised by the steps of, at at least one preselected 
time during the operation of an active compressor configuration: 

determihing the expected rate of change of the line pressure while said active compressor configuration is 
In use, and determination being In accordance with said record of the load handling capabilities: 
determining the actual rate of change of the line pressure while said active compressor configuration has 
been in use; and 

updating said record of the load handling capabilities, in accordance with a predetemiined algorithm, when 
said actual rate of change of the line pressure is not equal to said expected rate. 

3. A method as claimed in claim 1 or claim 2 characterised in that 

said refrigeration system includes means for measuring the temperature in at least one portion of said 
preselected area and said method steps further including: 
selected a target temperature; and 

periodically floating the target pressure, said floating step Including the steps of: 

decreasing tiie target pressure if the measured temperature in said preselected.area is lower than the target 
temperature; and 

increasing the target pressure if the measured temperature in said preselected area is higher than the target 
temperature. 

4. A method as claimed in Claim 3 characterised in that said floating step further includes the step of: 
Increasing the target pressure if said measured temperature is equial to the target pressure. 

5. A method as claimed in any one of claims 2 to 4 further characterised by ihe step of specifying a 
nighttime target temperature, which is greater than said selected target temperature: 

said floating step further including the step of: 

using said specified nighttime target temperature as the target temperature in said increasing and 
decreasing steps, if the time of day is during a specified nighttime period. 

6. A metiiod as claimed In any one of claims 3 to 5 characterised in that tiie refrigeration system further 
Includes means for indicating when it is in defrost said floating step further including the step of 
suspending said increasing and decreasing steps while said refrigeration system is in defrost. 

7. A method as claimed in claim 2 characterised in that said updating step includes tiie step of 
allocating a .specified portion of the difference between said actual rate of change and said expected rate of 
change to said reconj of the load handling capabilities for said active compressor configuration. 

8. A method as claimed in claim 7 characterised in tiiat said record of the load handling capabilities of 
said compressors includes a record of tiie load handling capabilities of each individual compressor and a 
record of the load handling capabilities of each useable combination of said compressors; 

said allocating step Includes tiie step of allocating a portion of detecting rate of change of the line pressure 
to botii the record for said active compressor configuration and tiie record of tiie load handling capabilities 
for each of the individual compressors in said active compressor configuration. 

9. A metiiod as claimed in any one of the preceding claims, characterised in that said detecting step 
includes the step of detecting the rate of change of the line pressure. 

10. A metinod as claimed in any one of tiie preceding claims characterised in tiiat said step of selecting 
a preferred configuration of compressors includes tiie step of . . 

selecting tiie configuration of said compressors which will. In accordance witti said record of the load 
handling capabilities, most slowly bring said line pressure to said target pressure. 
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11. A method as claimed in any one of the preceding claims characterised in that 

said initial steps further Includes the step of defining for each said compressor a minimum switch time; and 
said step of periodically selecting a preferred configuration of compressors includes the step of 
limiting the configurations of said compressors which are available to the currently selected configuration 
5 and those configurations which will not force any compressor to switch on/off states twice in less than said 
minimum switch time for said compressor. 

12. A method as claimed in any one of the preceding claims characterised in that said Initial steps 
further include the step of defining one or more sets of waming parameters, each set of warning parameters 
including a low pressure value, a high pressure value, and a delay period value: 

10 said periodic steps further include the step of periodically comparing the line pressure with each of the low 
and high pressure values in said waming parameter sets, and generating a waming message if the line 
pressure has been lower than the low pressure value of higher than the high pressure value of any waming 
parameters sets for longer than the con-esponding delay period value. 

13. A method as claimed in any one of the preceding claims characterised in that the refrigeration 
76 system further has means for indicating when it is in defrost and 

said initial steps further include the step of specifying a set of compressons which must always be on during 
defrost: and 

said step of periodically selecting a set of compressors includes, if said refrigeration system is in defrost', 
the step of selecting and turning on said specified set of compressors which must be on during defrost. 
20 14. A method as claimed in claim 13. characterised in that the refrigeration system further has means 
for indicating when It is in hot gas defrost: 

said initial steps further include the step of specifying a set of compressors which must be used during a 
predefined initial period of hot gas defrost; and 

said step of periodically selecting a set of compressors includes, If said refrigeration systems is in hot gas 
25 defrost the step of activating said spedfied set of compressors which must be used during hot gas defrost 

15. A method as claimed in any one of the preceding claims characterised in that 

said plurality of compressors includes a set of at least three compressors having togarithmlcally distributed 
load handling capabilities. 

16. A control system for a refrigerator system for removing heat from the free selected area, the 
30 refrigeration system including a plurality of compressors having a common compressor such in line 

directing refrigerant into the compressors, and means for detecting the pressure in the compressor such in 
line, the control system being characterised by software means comprising: 
means for selecting a target pressure for said compressor such in line; 

means for establishing and at selected times periodically updating a record of the load handling capabilities 
35 of a multiplicity of configurations of said compressors; and 

means for periodically selecting a preferred configuration of compressors in accordance with a predeter- , 
mined algarithmic function of the target pressure, the current line pressure, and said record of the load 
handling capabilities; 

an activated said third configuration of compressors if different from the currently active configuration; 
40 said software means thereby providing means for responding dynamically to changes in the operating 
environment of said refrigeration system. 

17. A control system as claimed in claim 16 characterised in that said refrigeration system includes 
means for measuring the temperature in at least one portion of said preselected area; 

means for selecting a target temperature; and 
45 means for periodically floating the target pressure, including: 

means for decreasing the target pressure if said measured temperature is lower than the target tempera- 
ture; and 

means for increasing the target pressure if said measured temperature is higher than the target temperEt- 
ture. 

50 18. A control system as claimed in claim 16 or claim 17 characterised In that said updating means 
Includes means for disabling the updating of said record of load handling capabilities when said refrigeration 
system is in a defrost cycle: and 

means for diabling said target pressure floating means when said refrigeration system is in a defrost cycle. 
19. A control system as claimed in any one of claims 16 to 18 characterised in that said updating 
55 means Includes means for allocating a specified portion of the difference between the detected rate of 
change of the line pressure and the expected rate, based on said record of load handling capabHlti^. to 
said record of the load handling capabilities for said active compressor configuration. 
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20. A control system -as claimed in any one of claims 16 to 19 further characterised by 
means for defirung a minimum switch time for each ^d compressor; 

means for periodically selecting a prefen-ed configuration of compressors including means for limiting the 
configurations of said compressors which are available to the cun-ently selected configuration and those 
configurations which, if activated, would force any compressor to switch on/off states twice in less than said 
minimum switch time for said compressor. 

21. A method of controlling a refrigeration system for removing heat from a preselected area, the 
refrigeration system including a . plurality of compressors having a common compressor suction' line 
directing refrigerant into the compressors, means for measuring the temperature in at least one portion of 
said preselec?ted area,, and means for detecting the presajre in the compressor suction line including the 
steps of: . 

selecting a target pressure for said compressor suction line; characterised by . 
selecting a target temperature; and . ' 

periodically floating the target pressure, and floating step including the steps of. 

decreasing the target pressure if the measured temperature in said preselected area is lower than the target 
temperature: and 

increasing the target pressure if the measured temperature in said preselected area is higher than the target 
temperature. ... 

22. A method as claimed in claim 21 characterised by the additional steps of: 
increasing the target pressure during defrost cycles of said refrigeration system; and 
disabling said periodically floating step during defrost cycles of said refrigeration system, . . 
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